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A Great O pportunity

Two years after starting its operations the RCPE stands rm: the idea to found an Austrian
Excellence Center in the area of Pharmaceutical Engineering in Graz was a great opportunity
and it was — after all — the right choice.

The RCPE’s successful development is apparent: in year 2009/2010 we started 4 new research
projects with 5.4 Mio. Euro volume and acquired 11 new Partners. This brought the number of
partner organizations to astounding 35, demonstrating the success of our vision.

Scientic O utput

Numerous publications, articles in scienti ¢ journals, presentations at national and international
events, congresses and conferences allowed the RCPE to integrate itself into the international
research scene and be recognized as an international leader in the eld.

In addition, signi cant breakthroughs have been made in the last year. For example, the center
has developed the rst code worldwide to simulate the ow of many millions of arbitrarily shaped
particles, which is necessary to understand a larger number of pharmaceutical manufacturing
operations. In the area of process analytical technology, the center is meanwhile recognized as
international leader and novel developments have been reported repeatedly. Novel and vision-
ary technologies have been demonstrated, i.e., the printing of drugs on paper for individualized
therapies. Innovative projects for intelligent drugs are underway, for example with one of our
strong local partner, G.L. Pharma. In the area of pharmaceutical proteins the understanding of
the stability and the aggregation behavior has been signi cantly improved in the last year. In
addition, several innovative developments have been initiated which will be completed in the
next years.

Employees and Infrastructure

One of the essential goals of the RCPE is to have highly quali ed employees, as well as an
appropriate infrastructure. We invested a great deal into both during last year. In the scal year
2009/2010 the number of employees grew 80% compared to previous year. At the end of the
reporting period 38.67 FTE (full-time equivalents) were employed by the RCPE. We have 65
employees, with an average age of 31.27, with an academic quota of 74.5% and 41.54% of
women. In addition, about 8 FTE were provided by our industrial and scienti ¢ partners.

Today, the RCPE uses only state-of-the-art lab equipment, such as novel compaction simula-
tors, modern tablet presses, extruders, nano-analyzers, etc., which are available to the Partners
at a low cost. This up-to-date infrastructure, which makes the RCPE even more attractive to
partners, is our long-term contribution.

Cooperation with Partners and F  unding A gencies

After 2 successful years, we place a special emphasis on strengthening and expanding our
industrial partner base. Many international companies, such as Sano -Aventis, Astra-Zeneca,
Duesen-Schlick, Automatik Plastics Machinery, Coperion and others joined our RCPE, as well
as many medium-sized and smaller companies, such as onepharm R&D, the Lifecycle Intelli-
gence Group, Savira Pharmaceutical or Samtech Extraktionstechnik. Moreover, we are currently
negotiating contracts or developing projects with many other large international companies.




Clearly the RCPE could not operate without the scienti ¢ input of the partner organizations,
i.e., institutes of the Graz University of Technology, the University of Graz, Joanneum Research,
the Technical University Vienna and the Austrian Academy of Science. We are thankful for their
critical contributions. Recently, the ‘FH JOANNEUM Gesellschaft mbH’ and the ‘Heinrich Heine
University Disseldorf’ joined our team, enhancing our competence.

Finally, we also want to thank our funding agencies, the FFG and the SFG. Without their nancial
support a Center like ours would not be possible.

Double Increase in N on-K A rea

The development of the non-K area continued to be one of our priorities in our second business
year. Compared to the rst year, we doubled the volume of projects. Our special “customer fo-
cus”, and the service center “Research Center Pharmaceutical Services” that was established
in November of 2009, are benchmarks of our success. Here, the goal of the Center is to offer
a complete package of services in the areas of regulatory services, quality and compliance
management and pharmacovigilance.

Next Steps — The Preparation for the RCP E’s Evaluation

In the fall of 2010 the 2-year evaluation will take place, followed by the 4-year evaluation in year
2011. A number of strategy workshops with the participation of the RCPE’s employees, partner
companies and the scienti ¢ partner generated a well-conceived, collective strategy of the
RCPE, which will be presented in a “core document” to our funding bodies next year. The core
document will summarize our achievements during the rst 2 % years and will describe the
strategic and technical course for the coming years. A team has been assembled and work on
the core document will start in earnest in the fall of 2010

Acknowledgements
In summary we would like to state that the last year was highly successful for the RCPE.

We especially want to thank the many organizations supporting us (such as HTS, AGES
PharmMed or Pharmig), our governance board, the strategy and scienti ¢ advisory board, and

many individuals from science, business and politics, which are too many to name individually.
Without you, our work would be infeasible.

Last but not least, we would like to specially emphasize the achievements of the RCPE employ-
ees, which showed outstanding skills - not only during project work - but also at international
presentations of their research results and while building successful and sustainable customer
relations. We would like to express our deepest appreciation to you for your excellent work.

For us is was a pleasure to lead this effort and we hope that the relations between the owners,
the partner companies, the scienti ¢ partners and our sponsors will remain as trusting and
fruitful as they were in the last years.

Univ.-Prof. Dipl.-Ing. Dr. Johannes G. Khinast Mag. Dipl.-Ing. Dr. Thomas K. Klein
Scienti ¢ Director / Leader Managing Director




Our Philosophy
To be the national and European focal point for science-based development of novel drug
products and diagnostics, as well as their manufacturing processes.

Vision
“RCPE” — We make tomorrow’s drugs possible

We are a unique internationally operating European research center in the area of pharma-
ceutical process- and product-development. Application-oriented research and development
projects are carried out in collaboration with our industrial and scienti ¢ partners. It is our goal
to strengthen our partners’ competitive edge and their economic market success by helping
them develop novel products and production processes.

Mission and A pproach

3 Combination of multi-disciplinary knowledge from process engineering, pharmacy, chem-
istry, biotechnology, materials science and nanotechnology to develop a coherent scienti ¢
basis for process and product development.

3 Close collaboration with Austrian and international partners from the pharmaceutical,
biopharmaceutical and diagnostics industry, to develop methods for design, optimization,
scale-up and control of their new manufacturing processes.

3 Development of innovative processes and process simpli cation.

J Establishment of technology platform for science and industry with focus on knowledge
transfer.

3 Integration of targeted education-and gender-mainstreaming activities.

Goal

The primary goal of the RCPE is to transform the province of Styria and Austria into a Euro-
pean region for pharmaceutical product and process development. It is our aim to transform

pharmaceutical product and process development from an empirical approach to a rational

science-based endeavour in accordance with ICH’s Quality-by-Design framework. Thus, com-

panies working with us will be able to develop their products faster, less expensively and with
higher quality.




Jul. 7™, 2009
Aug. 26™, 2009

Sep. 1718, 2009
Sep. 24", 2009
Oct. 1%, 2009

Oct. 7", 2009

Oct. 10™, 2009
Oct. 14", 2009

Oct. 23", 2009
Nov, 8"-14t, 2009

Dec. 31, 2009

Dec. 31%, 2009
Jan. 11", 2010
Feb. 26", 2010
Mar. 1%, 2010
Mar. 31, 2010
Apr. 29", 2010
May 1%, 2010
May 6%, 2010

Jun. 8", 2010
Jun. 14", 2010

Jun. 10™, 2010

Jun. 30", 2010

Cooperation start with Diisen-Schlick GmbH (Germany)

Completion of the rst RCPE master thesis by Simone Schrank
(“Development of an Extrusion Process for Fast Disintegrating Pellets”)
Successful organization of the “3 International Graz Congress for
Pharmaceutical Engineering”

onepharm Research&Development GmbH (Austria) and Savira Pharma-
ceutical GmbH (Austria) join the RCPE as business partners

Kick-off of the rst RCPE gender project, supported by the FFG

The 30th business partner joins the RCPE (Samtech Extraktiotechnik
GmbH (Austria)) — hence the number of partners has doubled since
2008

The Lifecycle Intelligence Group GmbH (Austria) becomes a business
partner

Automatik Plastics Machinery GmbH (Germany) becomes a business
partner

Cooperation start with Coperion GmbH (Germany)

The RCPE presents 6 talks and 2 posters at the AIChE Annual Meeting
2009 in Nashville (TN, USA)

Start of the biggest K1-project so far: “Development of a pharmaceuti-
cal production technology platform for added-value products” in Area lll
with more than € 2.6 Mio. project volume

Completion of the generation innovation NonK-regional project ,Ge-
sundheit durch NAWITECH erlebbar machen*

50 staff members work at the RCPE. The quota of female employees
amounts to 40%.

Sano -Aventis Deutschland GmbH (Germany) joins as a business part-
ner

Start of the largest service project so far with Abbott GmbH (Germany)
in the area of ,melt extrusion of antibiotics”

Accesion of two new scienti ¢ partners: FH JOANNEUM Gesellschaft
mbH (Austria) and Heinrich Heine University Dusseldorf (Germany)
Cooperation start with ,Merck Kommanditgesellschaft auf Aktien & Co
Werk Spittal” (Austria)

Start of the BMWFJ funded project ,Innovationsansatze phar-
mazeutischer Prozesstechnik” in cooperation with FH JOANNEUM
.L.B. Bohle Maschinen + Verfahren GmbH" (Germany) joins the RCPE
as a business partner

Opening of the Extruder-laboratory

Strategy Board / Supervisor Board meeting:

The strategy until 2015 is approved concordantly

»AstraZeneca UK Limited" (United Kingdom) joins as one more interna-
tional business partner

Completion of the 2¥ Business Year

Staff: 65 (39.86 FTE)

Quota of Female Employees: 41.54%

37 Business Partners, 7 Scienti ¢ Partners, 2 Other Partners

Project Volume signed: € 16.7 Mio. (K1 and NonK)

1 Patent granted, 4 Patent Applications

15 Publications in Reviewed Journals




As members of the General Assembly of the RCPE, we are pleased to present our view of the
RCPE's performance in the second year. In its rst year of operation in 2008/2009, the RCPE
successfully laid the foundation and set up all the structures necessary to conduct the projects.
This scienti ¢ report now documents the second year 2009/2010 of the RCPE.

The RCPE - Leading Institution in the F ield of Pharmaceutical E ngineering

From an owner’s perspective, in addition to expanding existing relationships with partner com-
panies, in the past year the RCPE’s focus has been laid on intensifying it's networking activities
and increasing it’s international visibility. To this end, it was essential that the RCPE establishes
itself as a leading institution in the eld of pharmaceutical engineering in Austria, in both the
industrial and scienti ¢ areas. These goals are of the highest strategic importance for the RCPE
because the combination of networking and professional competence is key to achieving an
international visibility, particularly in economically dif cult times.

Networking in S cience and Industry

The General Assembly has been highly satis ed by the RCPE's success in achieving the stra-
tegic goal of fostering visibility through networking. An intensive cooperation with universities in
Graz (the Graz University of Technology and the University of Graz) and Joanneum Research
has been developed. This included a joint public appearance at the successful “dnternational
Congress for Pharmaceutical Engineering”, which was a big event with about 150 international
participants. Such events highlight the important roles played by entities such as the RCPE in
connecting industry and science and helping to drive innovation in the region.

Furthermore, the numerous invitations the RCPE received to participate in economic events
testify to the success of ongoing efforts to expand networking in the industrial areas. And nally,
the addition of four new international partner companies is proof of the increasing international
visibility of the RCPE, and therefore of the RCPE’s owners as well.

Cooperations with Graz universities (the Graz University of Technology and the University of
Graz) and numerous Styrian-based companies reinforce regional ties. The parties involved and
Styria as a center of technology pro t from this coordinated approach, as well as from the use of
synergies and the exchange of experiences. The development of a top-class research program,
the supervision of numerous Bachelor’s, Master's and PhD theses, and the submission of ve
patents are clear evidence of the strong integration of the owners and institutes in the RCPE.

Impressive Results

26 publications (most in international journals), 24 diploma theses and 17 PhD thesis either
started or completed, and ve registered patents are proof that the RCPE team measures up
to the scienti ¢ standard of the K1-Program. Moreover, a number of interns from Bachelor’s
and Master’s programs from the TU Graz and the KFU took part in the RCPE'’s project work,
thereby receiving rst-class training. In addition, a range of research assignments from foreign
companies, four contributions to “refereed scienti ¢ journals” and the employment of foreign
experts are all signs of growing international acceptance and the RCPE’s expanding network.




New B uilding — B uilding Infrastructure Together

In order to provide our employees with a state-of-the-art work environment and the best pos-
sible working conditions, a new production technology center (PTZ) is currently being built
right on the Inffeldgasse campus. Upon its completion in 2011, the seven-story building, with
a footprint of more than 1000 nt, will serve as an ideal facility for both of ces and laboratories
for the Institute for Process and Particle Technology of the Graz University of Technology and
also the RCPE.

For the F uture

We, the General Assembly, hope that in the coming years the scienti c and industrial partners,

as well as the funding bodies, will continue to provide the essential arrangements the RCPE
needs in order to establish an enduring link between science and industry. We hope that the
RCPE management will continue to pursue their strategic approach with the same vigor and
dynamism that they have shown in the past two years. And we also wish them good luck with

the 2-year evaluation and with the preparations for the 4-year evaluation. The owners will do
everything in their power to support them.

Ao. Univ.-Prof. " Mag.? Dr." Renate Dworczak
Vice rector

University of Graz

Chairperson of the General Assembly

Univ.-Prof. DDipl.-Ing. Dr.Dr.h.c. H arald Kainz
Vice rector
Graz University of Technology

Hon.-Prof. Dr. B ernhard Pelzl
JOANNEUM RESEARCH Forschungsgesellschaft mbH




This brief introduction is intended to outline the activities of the RCPE, the Graz based Com-
petence Center for Pharmaceutical Engineering, in the year 2009/2010. As the Chairperson of
the Supervisory / Strategy Board, | would like to take this opportunity to give you an overview
of this year’s activities.

The Economic S tability of the RCP E

It is a source of particular satisfaction that since its inception in 2008 the RCPE has managed
to form partnerships with a variety of international top pharmaceutical companies, including
Abbott, Sano -Aventis, and Merck. This development also highlights the unique importance of
the RCPEs research focus for companies and for the development of the region. The current 37
industrial partners provide the RCPE, which is still in a growth-phase, with the stability needed
to continue working on innovative projects in economically dif cult times.

Scienti ¢ Development

The scienti ¢ development of the RCPE has been quite successful. For example, the scienti ¢
competences of the RCPE are continually expanding through numerous diploma and PhD
theses. In addition, the “International Congress for Pharmaceutical Engineering”, which the
RCPE hosted in the last year for the second time, has been an important tool for establishing
and solidifying the center’s standing in the scienti ¢ world. With approximately 150 participants
from science and industry, the congress exceeded all expectations. In addition, the publication
record in top international journals is impressive. Even a special issue of Chemical Engineering
Science, a top journal in the eld, is devoted to Pharmaceutical Engineering and edited by Prof.
Khinast.

A broad area of competence requires good organization

Due to the wide-ranging thematic approach of the three work areas (“Advanced Simulation Tech-
nology”, “Products and Structures”, and “Process Engineering”), the rstyear was characterized
by tremendous start-up work. This challenge was managed within the operative organizational
structure through lean management, ef cient administration and a targeted implementation
of research projects. The reporting to the funding bodies was timely, coordinated and fully in
accordance with the contractual agreement. These reports were also made available to the
RCPE's owners and clients. | would also like to point out the extremely good networking of the
Areas, which has further reinforced the effective organization.

It is important to recognize the RCPE’s young yet very experienced team, which has provided
the essential foundation for the past and future achievements. The large number of employees,
of whom many are university graduates and some are experienced key researchers, as well
as numerous counterparts from the industrial and scienti ¢ partners are perfectly suited to

accomplish the RCPE’s ambitious goals.




Thematic S trategy

Thanks to the support of the Scienti ¢ Advisory Board, during this scal year the RCPE focused
on thematic elds that are highly interesting on a scienti c level, and promise great nancial
bene ts. This well-balanced strategy is particularly important in light of the development of a
self-supporting project business and in light of the the % year evaluation in 2011. One of the
main challenges for this evaluation will be to establish projects in the double-digit million range
for the second funding period. Here, we anticipate strong support of all RCPE partners.

This short overview demonstrates clearly that the dynamic and the enthusiasm of the rst busi-
ness year have also carried over into the RCPE’s second business year. The RCPE’s partners
and funding bodies have contributed substantially to this development by fostering the neces-
sary creative and constructive environment. At this point, | would like to express my sincere
gratitude for this support, as well as for the exemplary dedication of both the management and
the employees of the RCPE.

Univ.-Prof. DDipl.-Ing. Dr.Dr.h.c. H arald Kainz
Vice rector

Graz University of Technology

Chairperson of the Supervisory / Strategy Board

Statement of the F unding B ody / Member of the S trategy B oard

“To date, the RCPE is the only new competence center that is being funded within the scope
of COMET. Prof. Khinast, a top researcher who was recruited straight from the USA for the
appointment of a new chair in pharmaceutical engineering at the TU Graz, has contributed
signi cantly. In a very short time, he has successfully created an internationally connected
Center with a highly motivated staff.”

Mag.? Ingrid F leischhacker
Austrian Research Promotion Agency




The K1-Competence Center RCPE is dedicated to the advancement of pharmaceutical process

and product development. The RCPE takes on the most current challenges emerging from

the demands of the pharmaceutical industry by bringing together the essential fundamental

know-how and competences available at the Graz University of Technology, University of Graz
and Joanneum Research. As such, the focus is on interdisciplinary, applied research effectively
performed and implemented within industrial partnerships.

The scienti ¢ director, who is supported by the members of the program committee, is in
charge of the ongoing veri cation of the ful liment of this important demand. The program
committee is responsible for the development and promotion of improved approaches, as well
as for the integration of additional projects into the RCPE working schedule. In addition, one of
the committee’s primary tasks is to shape the unique expertise of the RCPE.

Orientation of the RCPE

The rst two research years were dedicated to the initiation of projects and to the development
of scienti ¢ personnel, as well as project-speci c orientation training for junior researchers.
The availability of the rst results and the organization of commercial processes have given
the management an increased freedom to build a RCPE strategy. Both the positioning of the
funded K1 projects and the development of the NonK-Area as a service-oriented division are
important for the orientation and economic advance of the RCPE.

Strong Partner Integration

The second year saw the intensi cation of the cooperation with scienti ¢ organizations and
participating industrial partners in the projects. A proof of it is the participation in the participa-
tion of numerous new institutes and companies in the RCPE'’s research projects, which directly
promotes the cooperation between science and industry in Graz/Styria.




Organization and Results

At this point, | would like to draw particular attention to the extremely positive cooperation
between the RCPE and its partners. The highly professional project controlling is re ected by
the swift processing and generation of offers with high-cost transparency in the service area;
the clear and transparent work that produces high-quality results; and the precise reporting and
a competitive cost structure. The ow of information from the management to the partners in

the program committee proceeds awlessly.

The Future / 4-year Evaluation

As the Speaker of the Program Committee, | would like to thank all of the participating partners
for their support in the last two years. One important milestone for the RCPE is the 4-year evalu-
ation in the fall of 2011. In order to build a strong foundation for the future of the RCPE, | would
like to ask all partners to pledge their energetic support for the RCPE in the preparation of the
core-document, strategic workshops, and the de nition of speci ¢ new projects. In this way, we
can contribute greatly to the RCPE’s economic security and long-term scienti ¢ orientation.

Dipl.-Ing. A lexander Rinderhofer, M BA
CEO Zeta Holding GmbH
Speaker of the Program Committee




Structure

For the internal organization and administration the RCPE has chosen a at structure, re ecting
modern management approaches. The main responsibilities are shared between the scienti ¢
and the business director. In addition, two of the three scienti c areas are managed by experts
in the respective elds, i.e., area managers have been selected for Area | and Ill. In Area ll, a
key researcher from one of our scienti ¢ partners is temporary responsible; additionally an
experienced Senior Researcher took over the position of the Divisional Head Pharmaceutical
Proteins.

Facts and F igures

J 65 employees

3 Signed project volume K1: 15.4 million Euro (15 projects)
3 Signed project volume nonK: 1.3 million Euro
3 37 Industrial Partners

J 7 Scienti ¢ Partners

3 7 Associated Partners

3 2 other Partners

3 5 Patents

3 12 ongoing Doctoral Theses

3 4 nished Doctoral Theses

3 18 ongoing Diploma & Master Theses

3 6 nished Diploma & Master Theses

J 2 ongoing Baccalaureate Papers

3 2 nished Baccalaureate Papers

3 3 ongoing diploma Theses

31 ongoing Baccalaureate Paper

Our shareholders




In order to meet the COMET program guidelines for reporting, particular attention was devoted
to the installation of a comprehensive system for accounting, controlling and reporting. This
ensures a project-speci ¢ breakdown of cost for each project and for the central area. This

project-speci ¢ accounting also applies to the handling of invoices relating to NonK activities,

which are not subject to the underlying eligibility criteria. The comprehensive reporting system
ensures reports to the funding agency are produced on a timely basis. These reports are also
submitted to the Supervisory Board / Strategy Board and the members of the General As-

sembly.

Structure of the RCP E




Human Resources

Recruiting & Personnel Planning

Corresponding to project volume, in scal year 2009/2010 56 scienti ¢ staff members (38,67
full-time equivalent positions) delivered high-quality work for our partners and customers. A
continuing recipe for success at the RCPE is that a large portion of the work is handled by
its own staff, in close cooperation with the staff of its industrial scienti ¢ partners and, when
needed, with the help of additional experts.

Personnel Development

The quali cations of its staff are of utmost importance to the RCPE: almost 3/4 academically
trained staff of various disciplines in scienti ¢ areas and 30% with a PhD, the RCPE makes a
strong statement. A share of 20% for strategic projects that serve in-house research and con-
tinuing development and numerous continuing education events ensure that this competence
is enhanced.

Of particular note is RCPE’s internal PhD Study Support Program, which supports planned
dissertations nancially and otherwise. Currently 12 dissertations are being supported via this
program.

Success in application-oriented projects for industry and the numerous scienti ¢ publications
demonstrate that the team at the RCPE meets international quality demands and technological
research and development standards.




Human Resource Development

For a center such as ours, staff is the most important resource. Therefore, our employees’
satisfaction and their personal quali cations are of special concern to us. The opportunity
for self-improvement and continued education is a key characteristic of the RCPE. It helps to
maintain a good yet challenging work-place environment. In addition to training courses and
seminars, we offer a program that gives our employees the opportunity to complete master and
Ph.D. theses whilst being employed at the RCPE.

Clearly, projects bene t to a large extent from ef cient and interdisciplinary teams. Thus, our

employees come from various universities, companies and non-university research institutions,
bringing together a wide variety of different expertise in different areas. In our project team
we have a mix of junior and senior researchers. Moreover, we were able to attract competent
senior personnel from companies with years of experience, guaranteeing a professional work
attitude.

Our Center has an active staff development policy and provides a broad range of training and
development opportunities to its staff members. This means that the skills of all our employees
will be used and developed.

We aim to make working at RCPE an enjoyable (and rewarding) experience. The active develop-
ment policy and the promotion of education and training offers bene ts to both the employee

and to the HR department in the recruitment of new employees.

Education & Training




Gender Mainstreaming

Based on our general belief that equal opportunities must exist independent of gender, sexual
orientation, age, religion and belief, the RCPE takes proactive measures to balance the gender
ratio in the scienti ¢ and non-scienti ¢ staff and minimizes discrimination. A well-known prob-
lem in the area of engineering is a low percentage of female students. Thus, the RCPE actively
seeks to employ female engineers.

Hierarchy

Speci cally, we have developed a detailed plan to recruit and retain women that consists of
multiple components:

b First of all, we take advantage of the gender mainstreaming (GM) efforts already underway
at the Graz University of Technology initiated by the FIT Of ce of Gender Equality and Af-
rmative Action (FIT director: Johanna Klostermann; FIT stands for “Frauen in die Technik”
(Women Into Technology) — it is a short name of an Austrian organization that tries to attract
more women for technical studies).

3 RCPE is an equal opportunity employer. In cases where candidates have the same quali -
cations, preference is given to the candidate who ts best into the corporate culture.




J

New employees receive both verbally and in writing, an introduction to each work area
and an insight into the RCPE’s history and culture. This is achieved through on-the-job
training and assistance offered by experienced colleagues. During the next scal year, it is
also planned to develop a mentoring / coaching program, where senior female researchers
serve as mentors to junior colleagues. Similar programs have proven to be highly effective
at the Graz University of Technology.

We participate in a program offered by the Graz University of Technology, that supports
working parents by providing places at the university’s child care center. Furthermore, we
accommodate working parents of young children by allowing exible working hours or
telecommuting.

Additionally we enforce the usage of gender-neutral formulation of company presentations,
pro les, alerts, information materials and brochures.

In summary, GM is a real objective of the RCPE.

Through recruitment and integration of female junior staff, especially in the “R&D” area, the
RCPE currently has 39.29% of female employees in the scienti ¢ eld and 41.54% in the whole
Center.

Gender Mainstreaming:







As a link between science and industry, RCPE performs applied R&D projects in the area
of pharmaceutical and diagnostic product and process development. Our work extends over

three areas of competence, (1) advanced simulation technology, (2) products and structures
and (3) process engineering and manufacturing science. Our aim is to transfer our scienti ¢
results into innovations utilized by our industrial partners.

Funded (K1) and non funded (nonK) projects

In the RCPE we distinguish between:
3 asponsored project area (K1) and
3 anon-sponsored (nonK) project area

In the sponsored projects we are working on pre-competitive R&D projects with our partners
from industry and academic institutions. These projects are supported by public funding. The
nonK project area focuses on industry-oriented contract research and development. In this
area we offer consulting, development or analytical services.

Clearly, the interaction between the funded and non-funded project areas is of key importance
to the organization, as in both areas we develop competence that can be used for other or
future projects.

In the area of the funded projects, we distinguish between two types of projects: industrial
cooperation projects and strategic projects. In the industrial cooperation projects we work on
pre-competitive R&D projects together with one or more industrial partners. These projects
are intended to strengthen the innovative capabilities of our partners. The partnership agree-
ment that all our partners have signed guarantees identical conditions for all partners. Strategic
projects de ne projects that deal with basic scienti ¢ research which may be relevant in the
future for our industry partners. In that sense, the basic projects allow the RCPE to build up a
profound scienti ¢ base for the future. Clearly, we cooperate closely with our scienti ¢ partners
in the strategic projects. In the year 2009/10 80% of our project budget was spent on industrial
cooperation projects. With the remaining 20%, we funded selected strategic projects in coop-
eration with our scienti ¢ partners.







The ultimate goal and the “grand challenge problem”
of pharmaceutical engineering is the development of
products and processes in silico, based on compu-
tational methods. Many other industries are already
designing their products by using computational
tools, examples including automobile and aircraft
manufactures and producers of microelectronics.
However, little progress has been made in the eld
of pharmaceuticals and diagnostic products, as the
scienti ¢ questions raised are particularly compli-
cated. S ome of them are:

How do the level of structuring, the composition and
the interaction of ingredients in a product impact its
functionality and stability?

How do different levels of structuring (molecular-aggre-
gate-nanostructure-microstructure) interact with each
other, and what level of noise or structure needs to be
considered for structure-functionality relationships?
How do processes impact the quality of products?
How can models for scale-up, control and optimization
of processes be used within the Quality-by-Design
framework

Goals:

J

Development of multi-scale simulation/optimization
tools for biopharmaceutical processes

Numerical simulation of multiphase ows

Simulation and design of controlled and robust particle
synthesis processes

Computational analysis of powder and granular ows
Virtual Quality by Design

Compound property prediction

Molecular dynamics simulation

Key Researcher:

Univ.-Prof. Dipl.-Ing. Dr. Giinter Brenn
Univ.-Prof. Dipl.-Ing. Dr. Johannes Khinast
Prof. Dr. Fernando J. Muzzio

Univ.-Doz!" Dr!" Ruth Prassl




Project Manager: Dipl.-Ing. Thomas H 6rmann
Duration: 01.03.2009 to 28.02.2011
Business Partners: A VL List Gmb H
Baumgartner & Co. Gmb H
Baxter AG
Scienti ¢ Partner: Institute for Process and Particle E  ngineering (TUG)
Associated Partner: Z eta Biopharma Gmb H

Abstract

The formation of highly concentrated bio-molecule solutions is a complex process due to varia-
tions between different batches (batch-to-batch variability) of the input materials. Thus, product
and lItration losses occur, leading to a decreased ef ciency of the process.

The aim of this project is to optimize industrial mixing and dissolution processes for different
tank geometries, impeller types, and physical-chemical systems, including non-Newtonian
rheologies. In order to tackle this problem, advanced simulation and experimental tools are
necessary to characterize mixing and dissolution in highly viscous non-Newtonian uids and
with shear-sensitive, dissolving materials. The tool developed to allow the optimization of such
a production process is a three-dimensional CFD model for complex multi-phase systems in
stirred tank. Another aspect of the project is the scale-up of the process from the laboratory to
the manufacturing scale, including the powder-conveying, mixing- and dissolutions steps. The
combination of a high level of process understanding via simulation and advanced process
analytics enables an ef cient process optimization as required by a modern regulatory frame-
work.

Project Goals

3 Development of a mechanistic understanding for selected production processes of solid /
uid pharmaceutical formulations

3 Development of a deep understanding of the relations between the physicochemical prop-
erties of a bulk powder, the process parameters and the quality of the nal mixing product




J Development of a mathematical dissolution model for solids in liquid which represents the
basis for the up-scaling to the industrial process

3 Development of a CFD simulation method to optimize typical mixing processes

3 Application of the CFD method for the selected use case

Present Project Results

One of the main outputs of the project is the development of a CFD simulation method to calcu-
late the liquid ow of non-Newtonian suspensions with dissolving particles in a pharmaceutical
stirred tank reactor. In order to evaluate the quality of the numerical results an experimental
validation has been performed. The uid ow within a glass made tank was analyzed by apply-
ing the Particle Image Velocimetry (PIV) technique. The experimental results agreed very well
with the corresponding simulation outcomes. Therefore, the simulation method was assessed
to be suitable to calculate the ow in different tank-impeller combinations, and thus, provide a
tool to optimize mixing operations. In the last year the simulation method has been already used
to characterize different mixing systems as they are used in the pharmaceutical industry.

In addition, the physicochemical properties of different bulk powders have been experimentally
investigated. In order to understand and characterize the mass transfer phenomena between
bulk material and buffer liquid, a model system equipped with an online NIR (Near-infrared)
spectroscopy probe has also been studied. The analysis of the dissolution behavior helps veri-
fying the numerical results and represents the basis for future control strategies of the industrial
process.

Project Challenges

Mixing solids into liquids is a complex operation with a great number of critical process and
material parameters. At the same time the bulk powder (i.e., a biopharmaceutical protein) is
expensive, making large-scale experiments impossible. Simulation techniques improve the
knowledge about mixing effects occurring in real production tanks.

The challenge of this project is the development of a CFD simulation method which predicts the
ow and mixing scenarios in a stirred tank. Therefore, all relevant effects have to be considered,
i.e., the rotating impellers, the temporally and locally changing non-Newtonian viscosity, the
transport and dissolution of the solid particles as a function of temperature, Reynolds number
and the local mass concentration of the dissolving substances.

Finally the simulation method needs to be applied to different selected use cases within the
pharmaceutical industry.

Project related Publications

3 Hoérmann, T.; Redlinger-Pohn, J.; Schaffer, M.; Suzzi, D.; Radl, S.; Khinast, J. G.: Simulation
of Mixing Processes for the Manufacture of Pharmaceutical Products. International Con-
gress for Pharmaceutical Engineering, Graz (A) on Sep 148™, 2009

3 Hoérmann, T.; Schaffer, M; Redlinger-Pohn, J.; Khinast, J. G.: CFD Prediction of Liquid
Homogenization with Variable Viscosity in a Stirred Tank. AIChE 2009, Nashville (USA) on
Nov 9", 2009

3 Hérmann, T.; Gsoll, M.; Hofer, J.; Suzzi, D.; Khinast; J. G.: Simulation of Fluid Mixing and
Dissolution Processes. Poster Presentation at the 8 Central European Symposium on
Pharmaceutical Technology, 2010

3 Gsoll, M.: Optimization of Mixing and Dissolution Processes — Investigation of Physicochemi-
cal Properties. Master thesis, Graz University of Technology, (ongoing).

3 Hoérmann, T.: 3D Simulation of Mixing-, and Dissolution Processes within the Pharmaceuti-
cal Industry. Doctoral Thesis, Graz University of Technology (ongoing)

J Redlinger-Pohn J.; Mixing of High Viscous Fluids. Bachelor thesis, Graz University of Tech-

nology, (ongoing)




Project Manager: Univ.-Prof. Dipl.-Ing. Dr. Gunter B renn

Duration: 01.06.2009 to 31.05.2012
Business Partners: Sandoz Gmb H
gpunkt Gmb H
Scienti ¢ Partners: Institute for Process and Particle E  ngineering (TUG)

Institute of F luid Mechanics and H eat Transfer (TUG)
Institut fur B iophysik und N anosystemforschung (O AW)

Abstract

Microparticles are widely used in the pharmaceutical industry as delivery forms for proteins,
peptides or other drugs. Polymeric microparticles have been extensively studied as drug carri-
ers in the pharmaceutical eld and microparticles show promise as carriers for active pharma-

ceutical ingredients (APIs). The idea behind a controlled drug delivery system is to incorporate
the drug within a polymeric carrier that controls the drug delivery and the release rate of the
drug in the therapeutic window.

Among the different classes of biodegradable polymers, the poly(lactide-co-glycolide) (PLGA)
is most commonly used as drug carrier due to its excellent biocompatibility, biodegradability, as

well as mechanical strength. The solvent evaporation method is the most popular technique of
preparing microparticles. Microsphere preparation by solvent extraction/evaporation basically
consists of four major steps:

3 dissolution or dispersion of the bioactive compound (API) in an organic solvent containing
the matrix forming material (PLGA polymer);

3 emulsi cation of this organic phase in a second continuous (frequently agueous) phase; the
emulsi cation step is the most important step of the process because it determines the size
(distribution) of the microspheres. The size of the microspheres has a signi cant effect on
the rate of drug release and on the encapsulation ef ciency;

3 extraction of the dispersed phase by solvent removal and transforming the droplets into
solid microspheres;

3 harvesting and drying of the microspheres.




The aim of the project is to analyze these steps in detail in order to provide a better under-
standing of microparticle production processes. Furthermore, the establishment of a predictive
model for emulsion and particle formation is an objective of the work.

The nal goal of “A PAT Strategy for Microparticle Production Processes” is the development of
product and process design spaces according to the Quality by Design (QbD) principles and a
PAT stragegy. This is achieved both theoretically by using simulation models and experimentally
with laboratory measurements.

Project Goals

3 Process Analytical Technology (PAT) and Quality by Design (QbD): the development of a
quantitative relationship between the process parametes (design variables) and the product
properties (particle size distribution, morphology, residual moisture content of the particles,
etc.)

3 De nition of the Critical Quality Attributes (CQAS)

3 De nition of the Design Spaces

J Development of a robust and scalable production process producing microparticles with a
tight particle size distribution and homogenous API

3 Research on simulation models and experimental veri cation to predict the particle size and
particle size distribution

3 Research on the extraction process step in order to optimize the particle properties (size,
porosity, etc.)

3 Research on the effects of the microparticle harvesting on the product size and
morphology

Present Project Results

The rst work package of the project analyses the emulsi cation step using a static mixer. In
order to characterize and quantify this complex engineering problem, dimensional analysis was
applied. This analytical method involves the conversion of process parameters into a smaller
number of dimensionless groups. We used this method for the prediction of scale-up processes
and to develop a relationship between the dimensionless groups and the resulting microparticle
diameter, as well as to minimize the experimental effort for future process optimization steps.
Material properties (density, viscosity, interfacial tension, etc.) have been measured and an
experimental design has been constructed.

Project Challenges

Simulation models and the experimental veri cation of the models enable a signi cant reduction
in development time for future optimization. However, development of these models is challeng-
ing as both process and product properties have to be modeled.

Project related Publications

b Kiss, N.: The Formation of Particles with Highly Controlled Properties in Stirred Reactors.
Doctoral Thesis, Graz University of Technology (ongoing)

3 Pucher, H.: Modeling of the Hardening Process of Microparticles. Diploma thesis, Graz
University of Technology (ongoing)




Project Manager: Mag. Dr. Siegfried A dam
Duration: 01.01.2009 to 30.04.2012
Business Partners: Fresenius Kabi A ustria Gmb H

Ortner Reinraumtechnik Gmb H

VTU Engineering Gmb H

Zeta Biopharma Gmb H

Merck Gmb H

Pharmig
Scienti ¢ Partner: Institute for Process and Particle E  ngineering (TUG)
Associated Partners:  AGES PharmMed

THE LIFECYCLE INTELLIGENCE GROUP GmbH

Abstract

The new and modern concept of assuring quality by design (QbD) evolves from the recent
and ongoing paradigm change in the pharmaceutical industry, moving away from a univariate
trial-and-error approach towards science- and risk-based holistic development of processes
and products. Product quality and performance are ensured through the design of effective
and ef cient manufacturing processes, where product and process speci cations are based
on a mechanistic understanding of how formulation and process factors affect product per-
formance. Along with a scienti ¢ and risk-based realization of pharmaceutical development,
of cial guidelines (ICH Q8, Q9 and Q10) are provided, assisting in generating and compiling
relevant data and knowledge in order to ful Il regulatory requirements.

The Virtual Quality by Design project is primarily aimed at developing and implementing a
general integrative Quality by Design procedure towards product and process development.
Therefore a stepwise approach is set up to assist our project partners in the integration of
Quality by Design concepts with regard to their speci ¢ project use cases.

As an appropriate quality risk management process is essential for adequate QbD-implemen-
tation and a prerequisite for further development, risk management tools for risk identi cation,
analysis and evaluation for the process and product development lifecycle are designed and
evaluated. In this regard research activities are focused on the development of an integrated
FMEA-ontology approach to successfully combine risk assessment and knowledge manage-
ment.

The establishment of design spaces is another key concept of the QbD-approach. In several
project use cases the design space concept is developed theoretically by using simulation
models and experimentally. The integration of design spaces in an overall control strategy of
pharmaceutical processes and products is evaluated.




Project Goals

3 Development of universally valid implementation approaches for QbD according to ICHQ8/
Q9/Q10

3 Development of methods and tools to be used in the different steps of the QbD-implemen-
tation process

3 Integration of universally valid QbD concepts and tools into company speci ¢ use cases

3 Development of appropriate risk management tools to be used in the QbD lifecycle

7 Research on FMEA-ontologies to implement a risk- and knowledge based approach into
the pharmaceutical product and process development lifecycle

3 Development of the Design Space concept using simulation models and experimental
veri cation (2 subtopics: uid mixing, isolator technology)

Present Project Results

One of the main outputs of the QbD project is the establishment of a general systematic concept
to guide the implementation of QbD at all phases of the pharmaceutical product’s life cycle. This
so called QbD-guide has already been set up, including the main QbD model approach, assist-
ing tools (e.g., risk management, process characterization), a mock case study and regulatory
background. As this guide is regarded as a living document, it is going to be implemented in a
Wiki-database to improve the possibility of amendments and extensions. The basic concepts
of this document have already been used to guide the development of design spaces for uid

mixing and isolator technology.

Project Challenges

When fully implemented, QbD enables signi cant increases in product quality and a distinctive
reduction in development time and costs and manufacturing costs. However, the initial efforts
of a QbD implementation would require additional resources. Potential project partners often
ask for a detailed cost-bene t-analysis. Although a detailed estimation cannot be provided at
the beginning of the project, it is important to qualitatively characterize potential bene ts and
savings with regard to their speci c processes and use cases.

Additionally, the implementation of the QbD approach requires the thorough use of of systematic
scienti ¢ and risk-based concepts. Although many of these tools e.g., risk management meth-
ods, statistical designed experiments, simulation based process characterization, have been
used in other industries for several years, their application in pharmaceutical development and
production is novel to the QbD paradigm. Therefore the familiarization of the pharmaceutical
industry with these tools is essential and a prerequisite for a successful QbD implementation.
The project success and the success of QbD in general heavily rely on an adequate assimilation
of these new concepts.

Project related Publications

3 Adam, S.; Suzzi, D.; Radeke, C.; Khinast, J. G.: An Integrated Quality-by-Design (QbD) Ap-
proach towards Design Space De nition of a Blending Unit Operation by Discrete Element
Method (DEM) Simulation. Submitted to the European Journal of Pharmaceutical Sciences,
2010

b Adam, S.; Suzzi, D.; Toschkoff, G.; Hérmann, T.; Radeke, C.; Khinast, J. G.: An Integrated
Quality-by-Design (QbD) Approach towards Design Space De nition of three Key Unit
Operations in the Manufacturing of Solid and Liquid Dosage Forms by Discrete Element
Method (DEM) and Computational Fluid Dynamics (CFD) Simulation. Presentation at the 8
Central European Symposium on Pharmaceutical Technology, 2010

3 Glbitz, B.; Khinast, J. G.: Ontology Development. Journal to be de ned, 2010

3 Glbitz, B.: Die Rolle des Risikomanagements im Quality by Design. Doctoral Thesis, Graz
University of Technology (ongoing)







Area Il nucleates research efforts focusing on ex-
perimental and computational studies to obtain an

understanding of product quality and behavior, as
well as on structuring methods (e.g., nano-particle

formation, hierarchical particle technology, micro-

particle formation, scalable production processes,

etc.). One of the main goals is the improvement of
product quality in terms of purity, stability and life-

time. Mechanisms affecting the quality and product

degradation are investigated leading to optimized

products and formulations. This area combines the

advantages of computer simulation and prediction

with experimental approaches for the validation of

optimization strategies. Ultimately, we want to gen-

erate products with improved quality that are ready

to be used in industrial processes.

Goals:

3 Protein engineering and analysis for improved formula-

tion properties
3 Development of stable formulations
3 Nano-particle formation processes (strategic)
3 Investigation of inactivation pathways
3 Understanding aggregation propensities
3 Characterization of API — polymer interactions

Key Researcher:

Univ.-Doz" Dipl.-Ingi" Dr." Michaela Flock
Univ.-Prof. Dipl.-Ing. Dr. Christoph Herwig
Univ.-Prof. Dipl.-Ing. Dr. Bernd Nidetzky
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Project Manager: Univ.-Prof. Dipl.-Ing. Dr. B ernd N idetzky

Duration: 01.01.2009 to 31.10.2011

Business Partner: Roche Diagnostics Gmb H

Scienti ¢ Partner: Institute of Biotechnology and Biochemical Engineering (TUG)
Abstract

Biosensors play a prominent role for the surveillance of critical analytes in patients. These
biosensors consist of a combination of a biological active macromolecule (e.g., an enzyme) and
a transducer to convert the products of a biological reaction to a measurable signal.

The limiting component for those types of sensors is often the life-time of the enzymes. Enzymes
are typically sensitive to the environmental parameters (temperature, pH, salt concentration,
etc.) and may therefore undergo a variety of inactivation and destabilization processes. These
can be changes of the protein structure, chemical modi cations, degradation or the release of
co-factor. Since enzymes are macromolecules with high molecular weights it is very dif cult to
predict their behavior under certain process conditions. A better understanding of the factors
in uencing the integrity of enzymes is therefore highly desirable.

The functionality of enzymes used in biosensors is often not satisfying. Problems are caused by
lack of stability and non-suf cient selectivity of the enzymatic reaction in a complex sample. We
are developing strategies for the improvement of enzyme functions based on detailed analysis of
the mechanism of enzymes used in biosensors. The inactivation pathway(s) will be characterized
thoroughly by biochemical and biophysical analysis and the goal is to identify potential factors
limiting the enzyme stabilities. The research is extended by comparative studies of enzymes
belonging to the same family to gain a better understanding of the control of substrate selectiv-
ity. Depending on the obtained results the enzymes will be altered by site-directed mutagenesis
and/or chemical modi cations and screened for improved variants to be used in biosensors.

Project Goals
J Detailed understanding of the inactivation mechanism of enzymes used in biosensors
3 ldenti cation of critical process parameters for the stability of enzymes in biosensors




J Detailed understanding of the reaction mechanisms of the enzymes to avoid the generation
of undesired side-products that lead to inaccurate results

3 Generation of enzyme variants with (A) changed and (B) improved substrate selectivity for
the use of the biosensor for (A) new substrates and (B) more accurate results

3 Generation of enzyme variants with improved stability

3 Generation of a biosensor with improved selectivity and longer lifetime

Present Project Results

We rst established a protocol for accelerated stability testing to gain a signi cant amount of
stability data in a reasonable time-frame. Even though the half-life of the enzymes used in bio-
sensor shall be improved the enzymes are already rather stable for laboratory use. Through the
combination of a variety of biochemical and biophysical methods both in our own laboratories
and in cooperation with partnering institutes we gained a good insight into the inactivation
mechanism. Key parameters were identi ed that assist the inactivation. Based on these results
and thorough literature research we proposed a set of potential mutations that could lead to
improved life-time and selectivity of the biosensor. First mutations were introduced and charac-
terized and led to promising results.

Project Challenges

Enzymes are very complex systems that are very hard to predict. There are various levels
of information required for each enzyme / protein that are de ning its properties. Nowadays
it is easy to determine the primary structure (sequence) an enzyme. There is also a variety
of methods available to determine the global structure of proteins. However, the prediction
of the functionality of an enzyme is only possible if there are similar enzymes available that
were thoroughly studied. The improvement of enzymes requires a good understanding of its
functionality and is usually based on a detailed biochemical investigation. Interpretation of the
data generates ideas about possible improvements of an enzyme. A next step can be the
generation of mutant enzymes with altered characteristics.

The main challenge for the improvement of enzymes is to get a very good understanding of
this very complex system. Therefore a lot of information is necessary, including structural and
biochemical data, which is not always available. Very often the exchange of a single amino acid
can lead to total loss of activity whereas the exchange of a different amino acid can change the
substrate selectivity. The key is to identify and understand the most important interactions of the
target enzyme to have a good basis available for a knowledge-based product optimization.
With the use of enzymes in biosensors we are working at the state of the art. Biologics have a
huge potential for medical diagnostics with the major drawback often having limited stability.
This innovative project — combining rational protein engineering and sensor technology - can
help to remove these obstacles.

Project related Publications

3 Leitgeb, S.; Stoisser, T.; Nidetzky, B.: Structure-Function Relationships ofsHydroxy Acid
Oxidizing Enzymes. In preparation, 2010

b Gartner, S.: Role of Tyr-215 in the Catalytic Cyle of Lactate Oxidase. Diploma thesis, Graz
University of Technology (ongoing)

3 Neuhold, D.: Improving the Substrate Selectivity of an Oxidase used in Commercially Avail-
able Biosensors. Diploma thesis, Graz University of Technology (ongoing)

3 Stoisser, T.: Improvement of Stability and Optimization of Oxidases for Usage in Biosensors.
Doctoral Thesis, Graz University of Technology (ongoing)

3 Unterweger, B.: Improving the Operational Stability of Oxidases in Biosensors. Diploma
thesis, Graz University of Technology (ongoing)

J 2 patents in preparation




Project Manager: Univ.-Prof. Dipl.-Ing. Dr. B ernd N idetzky

Duration: 01.01.2009 to 31.10.2011
Business Partner: S andoz Gmb H
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Institute of Pharmaceutical S ciences (K FU)
Institute of Inorganic Chemistry (TUG)

Abstract

Pharmaceutical biotechnological products like proteins bear a huge potential in medical treat-
ments; however, they are often dif cult to handle and show limited lifetimes. The functionality of
pharmaceutical proteins is governed on the one hand by its bioavailability and ef ciency, on the
other hand by its stability. An important task for the pharmaceutical industry is the elimination
of weaknesses that affect the functionality of formulations. The main problem is the aggrega-
tion of pharmaceutical proteins that can lead to compounds with reduced bioactivity and to
immunogenic responses. The aim of this project is the development of novel and innovative
methods for the reliable prediction of aggregation propensities of therapeutic proteins under
well-de ned process conditions. The scienti ¢ approach includes a combination of computer
simulation tools with experimental validation of the predictions.

Molecular dynamics simulations are used for the prediction of regions that are prone for the
initiation of aggregation processes. The results of these simulations are used as input for a
detailed characterization of the aggregation pathway and for formulation development. Using
a set of well established biochemical and biophysical methods for our research will lead to a
better understanding of the critical process parameters that affect the critical quality attributes
like the stability of therapeutical proteins. The results can be implemented in a quality-by-design
approach to de ne a design space for optimal process and formulation conditions.




Project Goals

1 Development of a novel simulation tool for the prediction of aggregation propensities

3 Simulation of interactions between protein and excipients

3 Experimental validation of predictions

7 Identi cation of critical process parameters for the aggregation of therapeutic proteins

3 Better understanding of the aggregation mechanism for selected therapeutic proteins

J Development of formulations with higher stability which are less susceptible to aggregation

Present Project Results

We were able to establish the methodology of Molecular Dynamics (MD) simulations in this
project. A multitude of simulations were run using different environmental parameters. These
computer models predicted changes in the structure of a target therapeutic protein that could
lead to aggregation in a subsequent step.

In pharmaceutical industry aggregation of 1% or less of protein is a severe problem. For
biochemical and biophysical characterizations this amount of aggregates is too low. For the
ef cient investigation of aggregation a reliable method was established that leads to quantitative
aggregation of the model proteins. For the characterization of the aggregates a broad variety
of methods has been established. Besides the ongoing characterization of the mechanism of
aggregation we also started to work on the optimization of protein formulations using high-
throughput techniques.

Project Challenges

Aggregation of biomolecules is a huge problem in pharmaceutical industry. Besides the lim-
ited acceptance of turbid protein solutions by the patients it also bears a high risk of immune
responses. Aggregates have an altered structure compared to the native protein and may
therefore bind at different receptors or initiate non-predictable immune reactions. Aggregation
mechanisms are very complex and extremely dif cult to understand and model. Aggregation

can include degradation of proteins, modi cations, unfolding, dissociation of subunits and many

more effects. The dif culty is that it usually is not a single de ned process but several processes

running in parallel which can lead to different aggregation products. The lack in uniformity is
also the biggest challenge in the characterization of aggregates.

The pharmaceutical industry is therefore extremely interested to get a better understanding
of the mechanism of aggregation and even more important about the factors that lead to ag-

gregation. Up to now the software solutions for prediction of aggregation only show very limited
success. Therefore the development of a powerful tool based on molecular dynamics studies
for aggregation and stability prediction would be a huge step forward.

Selected Project related Publications

3 Ablinger, E.; Wegscheider, S.; Pavkov, T.; Keller, W.; Prassl, R.; Zimmer, A.: Stabilization of
Human Growth Hormone Against Deamidation by Interaction with Strongly Basic Protamines
from Salmon. Presentation at the 8 CESPT, 2010

3 R0ssl, U.; Wiesbauer, J.; Leitgeb, S.; Nidetzky, B.: Kinetic Pathway Analysis of Aggregation
of Therapeutic Proteins. Presentation at the 8 CESPT, 2010

3 Wiesbauer, J.; Rossl, U.; Leitgeb, S.; Nidetzky, B.: Kinetic Pathway Analysis of Aggregation
of Therapeutic Proteins. Presentation at the AIChE Annual Meeting, 2010

3 Ablinger, E.: Entwicklung von Strategien zur Stabilisierung von Proteinen in Ussigen Arznei-
formen. Doctoral Thesis, Graz University of Technology (ongoing)

3 Rssl, U.: Prozesskinetische Analyse des Aggregationsverhaltens von therapeutischen
Proteinen. Diploma thesis, Graz University of Technology (ongoing)

3 Wiesbauer, J.: Prozesskinetische Analyse des Aggregationsverhaltens von therapeutischen
Proteinen. Doctoral Thesis, Graz University of Technology (ongoing)
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Abstract

The adsorption and absorption behaviour of different liquid formulations (matrices with and
without active substances) onto selected surfaces used within pharmaceutical production and
cleaning processes is investigated in the rst part of the project. Adsorption/absorption and
leaching of commercially available polymers approved for the use as pharmaceutical storage
containers will also be investigated experimentally and theoretically applying stress tests and
analytical methods for a qualitative and quantitative description, as well as predictive modelling
tools.




Project Goals

1 Development of appropriate analytical methods for selected active ingredients and formula-
tion components to be applied to cleaning validations, as well as adsorption/absorption
studies

3 Performance of cleaning validations

J Experimental and theoretical investigation of adsorption and absorption effects of selected
liquid formulations with polymer materials and surfaces used in pharmaceutical manufac-
turing processes

3 Experimental and theoretical investigation of the adsorption, absorption and leaching be-
haviour of polymer materials used in pharmaceutical storage applications

Present Project Results

A prerequisite for the experimental investigation of adsorption and absorption behaviour is the
development of appropriate analytical methods. For this purpose, a sensitive and selective
method for a selected active ingredient was setup using headspace - solid phase micro extrac-

tion (HS-SPME) as a sample preparation method in combination with GCMS. The HS-SPME
method was optimized in order to perform quantitative analysis in different kinds of matrices
(lipid emulsions, water-free solutions, aqueous solutions, metal or polymeric surfaces). The
development of a second quantitative analytical method for a formulation component using

GCMS is ongoing. Both methods are designed in order to meet the requirements with respect

to cleaning procedures in production plants.

In parallel, comprehensive literature surveys on the theoretical background of the interaction
between packaging materials and pharmaceutical formulations were performed. Far-ranging
knowledge in the eld of leachables/extractables was gained, including diffusion and partition
processes between polymeric material and pharmaceutical formulations. Models and simula-
tion methods have been developed bases on the molecular dynamics approach. Results will be
validated by experiments in the near future.

Project Challenges

Analytical methods for evaluating adsorption and absorption behaviour in cleaning procedures
in production plants require good selectivity and high sensitivity in order to meet the acceptance
criteria in the pharmaceutical industry. Challenges in the method development are the estab-
lishment of ef cient sample preparation methods, as well as the optimization of the detection
methods, such as GCMS with respect to sensitivity.
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